ABSTRACT
INTRODUCTION
Iron deficiency and consequent anemia (IDA) has a very high global incidence (1) . It poses serious health problems because it causes general weakness, lethargy, lassitude, sub-optimal work performance and in certain situations mental retardation, poor intelligence and abnormal immune response (2) .
Innumerable iron containing allopathic formulations are available in the market for treatment of iron deficiency anemia (3). They contain one or the other iron salt, like, ferrous Despite the availability of the large number of iron salts and preparations for correction of anemia and iron deficiency, the need of a better preparation has always been felt. The present study is one such step in this direction.
The Indian system of medicine -Ayurveda, also offers a large number of iron preparations which have been used for centuries (7) . Some (8) . However, the scientific study of their efficacy as hematinic has not been carried out. The aim of the present study was precisely the same.
MATERIALS AND METHODS
This study was conducted on 140 adult patients (male-49, female-91) aged 16-41 years (mean age -30 years) attending Ayruvedic Hospitals, for treatment of various organic disorders and who were suffering from moderate to severe anemia. They were undergoing treatment under Ayurvedic physicians. Out of a large number of Ayurvedic preparations, we carried out study on six most commonly prescribed drugs -Navayasa Curna, Punarnavadi Mandura, Dhatri Lauha, Pradarantaka Lauha, Sarva-Juara-Hara Lauha and Vrihat Yakrdari Lauha. The patients purchased the prescribed drugs from the local market and took them in prescribed dose with the prescribed vehicle ( Table -1 ). In Ayurveda the vehicle is very important for success of the therapy.
In this study there were six Ayurvedic drug groups. In each group, there were 20 patients, and each drug was consumed for 30 days. The tablets were reddish brown to dark black in colour. Each tablet weighed 125 mg. These were given in a dose of two tablets twice a day. Thus each patient received 500 mg of the drug in a day, although the amount of iron received was variable depending on the iron content of the drug. For comparison, a seventh group of 20 patients was given Allopathic drug Irex -12, containing ferrous fumarate, 350 mg; folic acid, 1.5 mg; cyanocobalamin, 15 Pg and vitamin-C, 75 mg. This was also given for 30 days in a dose of 1 capsule per day. The patient's whole blood was collected before starting the therapy and after the completion of the therapy. The hematologic parameters -hemoglobin (Hb), packed cell volume (PCV), total red blood cell count (TRBC) were determined as described by Dacie and Lewis (9) . MCV, MCH and MCHC were calculated as usual. Plasma iron (PI) and total iron binding capacity (TIBC) was determined (10) by autoanalyser using kits of Raichem, Bombay. Percent Saturation (PS) of iron was calculated from these values. Plasma ferritin was estimated by Elisa technique using kits of Syntron Bioresearch, USA (9).
Analysis of drugs
As the information on chemical composition of Ayurvedic drugs was not available, it was decided to determine their elemental composition by ourselves.
The powdered Ayurvedic drug was first ashed in a muffle furnace and then the residue was digested in aqua-regia. The volume of the extract was reduced by boiling, then diluted by deionised water. The minerals -iron, copper, zinc, calcium and magnesium were determined by atomic absorption spectrophotometry (11) , while sodium and potassium were determined in a flame photometer. The analysis of carbon, hydrogen and nitrogen in the drugs was done by Regional Sophisticated Instrumentation Centre (RSIC) of Central Drug Research Institute, Lucknow. These details are published elsewhere (12) . Oxygen, sulphur and phosphorus could not be estimated.
The statistical analysis of the analytical data were performed by paired 't' test (13) .
RESULTS AND DISCUSSION
This study consisted of six groups of 20 patients who received treatment for 30 days by different Ayruvedic iron containing drugs and one group of 20 patients as control which was given Allopathic formulation (containing ferrous fumarate, vitamin C, folic acid and vitamin B 12 ) for same number of days. The allopathic formulation was a complete hematinic and its response to treatment was used to compare response to Ayurvedic formulations. The results are presented in Table 2  and Table 3 .
As shown in Table 1 , the patients were suffering from moderate to severe anemia and their mean Hb level prior to treatment was comparable. It can be seen from Table- 2 that all the hematologic parameters increased significantly (p < 0.001) by treatment with Ayurvedic / Allopathic drugs. The Ayurvedic drugs were well tolerated by the patients and there was no report of any side effect, untoward reaction or intolerance. On the contrary, out of 20 patients in group VII (Allopathic control), 14 complained of one or the other side effect, like, constipation, nausea, diarrhoea etc.
From Table -3, it is clear that iron related parameters -plasma iron, percent saturation and plasma ferritin increased significantly (p < 0.001) in all the Ayurvedic and one Allopathic group patients. As happens on treatment of anemia, TIBC decreased significantly (p < 0.001).
In order to assess comparative efficacy of various drugs, percent rise in hematologic and iron related parameters, was calculated. This is presented in Table 4 .
It is clear from Table-4 that the drug Sarva-Juara-Hara Lauha (group V) was found to be most effective and the drug Pradarantaka Lauha (group IV) least effective in correcting anemia and iron deficiency. The response of most of the drugs was better or almost similar to Allopathic hematinic (group VII). In fact, Hb regeneration by Sarva-Juara-Hara Lauha (group V) was almost 1½ times that of best Allopathic hematinic. The efficacy of different drugs for Hb generation in decreasing order was: -V > I> II> III>VII>VI> IV.
Taking PCV as the criteria, the response of group I, II, III and VI was more or less equal to Allopathic drug (Group VII) and was intermediate of two extremes -group V (best) and group All pre-and post-values are significantly different at p<0.001 IV (worst). Again the response to group V (Sarva-Juara-Hara Lauha) was twice that of Allopathic hematinic containing ferrous fumarate.
The effect of Ayurvedic drugs in correcting iron deficiency was also noteworthy (Table -4 ). Taking plasma ferritin as an indicator of storage iron and plasma iron and percent saturation of transport iron following observations are made : (i) The efficacy of Ayurvedic drugs in increasing storage iron (ferritin) far exceeded that of ferrous fumarate (group VII) except group IV (Pradarantaka Lauha). For this purpose, Sarva-Juara-Hara Lauha (group V) and Navayasa Curna (group I) were exceptionally good.
The Allopathic ferrous fumarate (group VII) was superior to only Pradarantaka Lauha (group IV) and Vrihat Yakrdari Lauha (group VI) in raising plasma iron, but was inferior to rest of the four Ayurvedic drugs (group I, II,III and V). Again Sarva-Juara-Hara Lauha (group V) was found to be best. Its effect was roughly 1¼ times that of Allopathic preparation (group VII). (iii) Similar findings were also obtained when percent saturation was taken as the criteria of iron status. Navayasa Curna (group I) and Sarva-Juara-Hara Lauha (Group V) were highly effective in raising percent saturation of patients. The potency of Sarva-Juara-Hara Lauha (Group V) was 1 1 / 3 times that of Allopathic preparation (Group VII).
As the therapeutic effectiveness of iron preparation can be measured from the resulting increase in the Hb (14), we have calculated the rate of Hb regeneration per day. The rise in Hb /day was found to be 0.13, 0.12, 0.11, 0.03, 0.16, 0.10 and 0.10 g/dl for groups I to VII respectively. Thus ferrous fumarate regenerated Hb at the rate of 0.10 g/dl per day which is considered a good response (15) , it can be seen that all Ayurvedic drugs except one, (Pradarantaka Lauha, group IV) caused Hb regeneration at par or more than ferrous fumarate. The drug Sarva-Juara-Hara Lauha (Group V) topped the list. One reason behind the best response of group V and worst response of group IV, may have been their iron content (Table -5 ).
From Table -5 it can be seen that Sarva-Juara-Hara Lauha had the highest iron content while Pradarantaka Lauha had the lowest. However Vrihat Yakrdari Lauha (group VI) raised Hb at the same rate as ferrous fumarate while iron content in it was only about 42% of it.
The examination of Table- 5 also reveals that a substantial part of these Ayurvedic preparations was organic matter. These may be substances like ascorbic acid, sugars, amino acids, organic acids, which cause better absorption of nonheme iron (16) .
The absorption of iron may have increased by the recommended vehicle for the Ayurvedic preparations (Table-1 ). For example, some preparations (Navayasa Curna, Dhatri Lauha, Pradarantaka Lauha and Sarva-Juara-Hara Lauha) were administered with honey as the vehicle; which is known to be a mixture of glucose and fructose and iron may complex with these sugars for absorption. It may be mentioned here that Allopathic system also uses iron polymaltose complex and ferrous gluconate for therapy with good results (4).
The preparations, Dhatri Lauha and Pradarantaka Lauha were also advised to be taken with butter oil. It may be possible that iron fatty acid complex may be formed in the gut after digestion of ghee (clarified butter) and then absorbed. One of the preparation, Punarnavadi Mandura, was swallowed with buttermilk, which has acidic pH and contains lactic acid. Iron absorption is aided by decreased pH (16) . It is also possible that iron combines with lactic acid to form ferrous lactate before absorption. Allopathic system also uses ferrous lactate for treatment of anemia (3). Alternatively, it is possible that proteins of buttermilk or amino acids released upon their digestion may combine with iron before absorption takes place. This view is supported by the fact that W.H.O. has also recommended use of meat or other proteins to enhance iron absorption (15) and that ferrous glycine sulfate is widely used as iron salt in Allopathy (3).
An unusual vehicle, ginger extract, was used in case of Vrihat Yakrdari Lauha. Ginger is the root of Zingiber officinale. 100 gram of ginger consists of protein (2.3g), fat (0.9g), carbohydrate (12.3g), thiamin (60Pg), riboflavin (30Pg), nicotinic acid (0.6mg), calcium (20mg), iron (2.6 mg) and phosphorus (60 mg) (17) . Again the carbohydrate or protein of ginger may help in iron absorption.
This study conclusively proved that most of these Ayurvedic preparations were better than Allopathic hematinic used in present study for the treatment of iron deficiency and anemia. The lack of side effects was additional important advantage. Out of these six preparations, Sarva-Juara-Hara Lauha was the drug of choice.
